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HOUR METER WITH INCREMENTAL SERVICE INDICATOR 

Technical Field 

The present invention relates generally to hour meters and, more particularly, the present 
invention relates to an hour meter that provides a graphic indication of engine operation time 
remaining in a service time interval. 

Background Art 

Hour meters of various types are commercially available both as an add on device to a 
combustion engine or supplied as part of a vehicle that has a combustion engine. The hour meter 
provides information about the amount of time the engine has been operating. This information 
is useful for scheduling maintenance necessary at predetermined engine run times. In addition, 
hour meters may be used on test vehicles to calculate the durability of engine components as a 
function of engine run time. 

Some existing hour meters display a service reminder icon at the end of predetermined 
intervals, such as scheduled maintenance intervals. In some hour meters, the display can be reset 
to remove the service reminder icon by the operator after service is performed. In other hour 
meters, the display resets after a predetermined period of time elapses. 

One problem with the service reminder provided by current hour meters is that the 
service reminder icon does not provide the operator with an indication of how much time is left 
until service, since the service reminder icon is not displayed until service is due. In addition, if 
service is performed before the service reminder icon is displayed, the service reminder icon will 
be displayed shortly after service is performed. This could lead to confusion and could possibly 
cause the vehicle to be unnecessarily serviced. 

There is a need for an hour meter that graphically displays the amount of time left until 
service is due. Such an hour meter allows the operator to see at a glance how much time is left 
until the next scheduled service. 



Disclosure of the Invention 

The present invention relates to an hour meter having a display that provides a visual 
indication of a total time an engine has operated and a graphic indication of engine operation 
time remaining in a predetermined service time interval A plurality of segments that provide the 
5 visual indication of the time remaining in the service interval are selectively displayed in a first 
optical state or a second optical state. A display drive displays the segments in the first optical 
state at a beginning of a predetermined service interval. The drive changes the optical state of a 
first segment from the first optical state to the second optical state when a given portion of the 
predetermined service time interval has elapsed. The drive incrementally changes the state of 

10 the remainder of the segments from the first optical state to the second optical state as additional 
portions of the service time interval elapse to visually display the amount of engine operation 
time remaining in the service time interval. 

In one embodiment, the drive maintains the segments in the second optical state while the 
remainder of the service time interval elapses and additional segments are changed to the second 

15 optical state. This may provide the visual appearance of a bar graph or a pie graph. In another 

embodiment, the drive changes a segment in the second optical state back to the first optical state 
when the next portion of the service time interval elapses and the next segment changes from the 
first optical state to the second optical state. This may provide the visual appearance of a 
sweeping hand of an analog clock or a needle of a gauge. 

20 In one embodiment, all of the segments are displayed in the second optical state when the 

predetermined service time interval has elapsed. The segments may remain in the second optical 
state for a predetermined engine operation time after the service time interval elapses to provide 
a visual reminder that service is due. The drive may reset the segments to the first optical state 
when the predetermined engine operation time elapses after the service time interval has elapsed. 

25 The drive then incrementally changes the segments to the second optical state to graphically 
display the amount of engine operation time remaining in a next service interval 

In one embodiment, the hour meter includes a switch for manually resetting the service 
time interval and for resetting the segments to the first optical state. In this embodiment, the 
drive may automatically reset the plurality of segments to the first optical state if the switch is 

30 not actuated and a predetermined engine operation time elapses after the predetermined service 



time interval elapsed. 

Additional features of the invention will become apparent and a fuller understanding 
obtained by reading the following detailed description in connection with the accompanying 
drawings. 
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Brief Description of Drawings 

Figure 1 A is a schematic representation of an hour meter with a plurality of segments for 
providing a graphic indication of a time remaining in a service interval in a first optical state; 

Figure IB is a schematic representation of an hour meter with a plurality of segments for 
10 providing a graphic indication of a time remaining in a service interval in a first optical state; 

Figure 2A is a schematic representation of an hour meter with one segment in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 2B is a schematic representation of an hour meter with one segment in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 
15 Figure 3 A is a schematic representation of an hour meter with three segments in a second 

optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 3B is a schematic representation of an hour meter with three segments in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 4 A is a schematic representation of an hour meter with seven segments in a 
20 second optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 4B is a schematic representation of an hour meter with seven segments in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 5 A is a schematic representation of an hour meter with all of the segments in a 
second optical state to provide a graphic indication that service is due; 
25 Figure 5B is a schematic representation of an hour meter with all of the segments in a 

second optical state to provide a graphic indication that service is due; 

Figure 6A is a schematic representation of an hour meter with all of the segments in a 
second optical state to provide a graphic indication that service is due; 

Figure 6B is a schematic representation of an hour meter with all of the segments in a 
30 second optical state to provide a graphic indication that service is due; 

3 



Figure 7 A is a schematic representation of an hour meter with a plurality of segments 
reset to the first optical state; 

Figure 7B is a schematic representation of an hour meter with a plurality of segments 
reset to the first optical state; 
5 Figure 8 A is a schematic representation of an hour meter with one segment in a second 

optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 8B is a schematic representation of an hour meter with one segment in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 9A is a schematic representation of an hour meter with three segments in a second 
10 optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 9B is a schematic representation of an hour meter with three segments in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 1 OA is a schematic representation of an hour meter with seven segments in a 
second optical state to provide a graphic indication of a time remaining in a service interval; 
15 Figure 1 OB is a schematic representation of an hour meter with seven segments in a 

second optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 1 1 A is a schematic representation of an hour meter with a plurality of segments 
reset to the first optical state; 

Figure 1 IB is a schematic representation of an hour meter with a plurality of segments 
20 reset to the first optical state; 

Figure 12A is a schematic representation of an hour meter with a one segment in a 
second optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 12B is a schematic representation of an hour meter with a one segment in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 
25 Figure 13A is a schematic representation of an hour meter with all of the segments in a 

second optical state to provide a graphic indication that service is due; 

Figure 13B is a schematic representation of an hour meter with all of the segments in a 
second optical state to provide a graphic indication that service is due; 

Figure 14A is a schematic representation of an hour meter with all of the segments in a 
30 second optical state to provide a graphic indication that service is due; 



Figure 14B is a schematic representation of an hour meter with all of the segments in a 
second optical state to provide a graphic indication that service is due; 

Figure 15A is a schematic representation of an hour meter with a plurality of segments 
reset to the first optical state; 

Figure 15B is a schematic representation of an hour meter with a plurality of segments 
reset to the first optical state; 

Figure 16A is a schematic representation of an hour meter with one segment in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 16B is a schematic representation of an hour meter with one segment in a second 
optical state to provide a graphic indication of a time remaining in a service interval; 

Figure 17 is a schematic representation of an hour meter coupled to an engine of a 
vehicle; 

Figure 18 is a flow chart that illustrates operation of a control for an hour meter that does 
not include a service interval reset switch; 

Figure 19 is a flow chart that illustrates operation of a control for an hour meter that 
includes a service interval reset switch; 

Figure 20 is a schematic representation of an hour glass shaped service indicator; and 

Figures 21A-21D depict a schematic of circuitry for activating a liquid crystal display. 

Best Mode for Carrying Out the Invention 

The present invention concerns an hour meter 10 having a display 12 that provides a 
visual indication of a total time an engine has operated and a graphic indication of engine 
operation time remaining in a predetermined service time interval. A plurality of segments 14 
are presented on the display. Each of the segments 14 are selectively displayed in a first optical 
state 16 or a second optical state 18. The hour meter 10 includes a display drive 20 that displays 
the plurality of segments in the first optical state at a beginning of a predetermined service 
interval. The drive 20 changes the optical state of a first segment 22 from the first optical state 
16 to the second optical state 18 when a given portion of the predetermined service time interval 
has elapsed. The drive incrementally changes the state of a remainder 24 of the segments from 
the first optical state to the second optical state as additional portions of the predetermined 



service time interval elapse to graphically display the amount of engine operation time remaining 
in the predetermined service time interval. 

Referring to the Figures, the illustrated display 12 provides the visual indication of the 
total time the engine has operated with numeric characters 26. The plurality of segments 14 
5 provide the graphic indication of engine operation time remaining in a service time interval. In 
the embodiments illustrated by Figures 1A-16A, the segments form a pie graph 28. In the 
embodiments illustrated by Figures 1B-16B, the segments form a bar graph. It should be readily 
apparent that the segments could form any other shape or icon. For example, Figure 20 
illustrates that the segments could be configured to form an hourglass. 

10 One type of display that may be used is a liquid crystal display. In the illustrated 

embodiment, the first optical state 16 is a light state and the second optical state 18 is a darkened 
state. In the illustrated embodiment, all of the segments 14 are initially in the light state and are 
incrementally changed to the dark state. This gives the visual effect of a graph that 
incrementally fills as the service time interval elapses. It should be readily apparent that the 

15 segments could all initially be in the dark state and could be incrementally changed to the light 
state. This gives the visual effect of an initially full graph that incrementally empties as the 
service time interval elapses. In another embodiment, a segment in the dark optical state is 
changed back to the light state when the next portion of the service time interval elapses and the 
next segment changes from the light state to the dark state. This provides the visual appearance 

20 of a sweeping hand of an analog clock or a needle of a gauge. 

In the Figures, for illustrative purposes only, the predetermined service time interval is 
eighty hours of engine operation and the display defines eight segments. It should be apparent 
that the predetermined service time interval could be any recommended service time interval for 
any given engine and any number of segments could be displayed. In the examples provided by 

25 the Figures, each of the eight segments 14 represent a portion of the predetermined service time 
interval that is equal to ten hours of engine operation. In the exemplary embodiment, the hour 
meter is connected to an engine 40 (Figure 17) of a vehicle 42, such as a lawn and garden tractor. 

Referring to Figures 1 A and IB, the numeric characters 26 are initially set to zero and all 
of the portions 14 are in the first optical state 16. This will typically be the case when the hour 

30 meter 10 is first connected to an engine 40, such as when a vehicle 42 is manufactured. 



Referring to Figures 2A and 2B the first segment 22 changes from the first optical state 
16 to the second optical state 18 when the engine has operated for ten hours. Referring to 
Figures 3 A and 3B three segments 14 are in the second state 18 when the engine has operated for 
thirty hours. Referring to Figures 4A and 4B seven segments 14 are in the second state 18 when 
5 the engine has operated for seventy hours. Referring to Figures 5A and 5B all eight segments 
are in the second optical state when the eighty hour service time interval elapses. In the 
illustrated embodiment, the segments remain in the second optical state for a period of time to 
provide a reminder that service is due. For example, in Figures 6A and 6B all of the segments 14 
are still in the second optical state 18 when the engine has operated for eighty-two hours. The 

10 drive resets the plurality of segments 14 back to the first optical state 16 when a predetermined 
engine operation time after the service time interval elapses. For example, in Figures 7A and 7B 
all of the segments 14 have been reset by the drive to the first optical state 16 when the engine 
has operated for eighty-five hours. 

In the exemplary embodiment, a new service time interval begins at the end of the 

1 5 previous service time interval. In the example provided by Figures 1 A-8A and 1B-8B a new 

service time interval begins when the engine has operated for eighty hours. Referring to Figures 
8 A and 8B the first segment 22 changes from the first optical state 16 to the second optical state 
18 when the engine has operated for ten hours after the new service interval began or a total of 
ninety hours. The plurality of segments continue to cycle in this manner to provide a graphic 

20 indication of the amount of engine operation time remaining in each service interval. For 

example, Figures 9 A and 9B illustrate that three segments 14 are in the second optical state when 
the engine has operated for 430.7 hours. 

Figures 10A -16A and 10B-16B illustrate an embodiment where the hour meter 10 
includes a switch 46 for manually resetting the service time interval and the plurality of 

25 segments to the first optical state. In the exemplary embodiment, the drive 20 automatically 
resets the segments to the first optical state if the switch is not actuated and a given engine 
operation time elapses after the service time interval elapses. 

Figures 10A and 10B show seven segments in the second optical state 18 when the 
engine has operated for seventy-three hours. The arrow A in Figures 1 1 A and 1 IB represents a 

30 user actuating the reset switch 46. Typically, the user will actuate the reset switch when the 



service required at the end of the service interval has been performed. When the reset switch is 
actuated, the segments 14 are reset to the first optical state as shown in Figures 1 1 A and 1 IB and 
the service time interval is reset. In the example provided by 1 1 A-12A and 1 1B-12B a new 
service time interval begins when the reset switch is actuated. 
5 The segments incrementally change from the first optical state to the second optical state 

as the new service interval elapses. The first segment 22 changes from the first optical state 16 
to the second optical state 18 when the engine has operated for ten hours after the reset button is 
pressed or a total of 83. 1 hours in the example shown in Figures 12A and 12B. 
Referring to Figures 13 A and 13B all eight segments are in the second optical state when eighty 

10 hours elapse after the reset switch is pressed. The segments remain in the second optical state 

until the switch 46 is actuated or for a given period of time to provide a reminder to the user that 
service is due. In Figures 14A and 14B all of the segments 14 are still in the second optical state 
18 when the engine has operated for approximately eighty-two hours after the reset button was 
pressed. The drive resets the plurality of segments 14 back to the first optical state 16 when a 

15 predetermined engine operation time after the service time interval elapses. For example, in 

Figures 15 A and 15B all of the segments 14 have been reset by the drive to the first optical state 
16 when the engine has operated for eighty- five hours after the reset button was pressed. A new 
service time interval begins at the end of the previous service time interval. In the example 
provided by the Figures 1 1 A-16A and 1 1B-16B a new service time interval begins when the 

20 engine has operated for eighty hours after the reset button was pressed . Referring to Figures 
16 A and 16B the first segment 22 changes from the first optical state 16 to the second optical 
state 1 8 when the engine has operated for ten hours for ten hours after the new service interval 
began or a total of 163.1 hours in the example. 

Figure 1 8 is a flow chart that illustrates operation of a drive for an hour meter that does 

25 not include a reset button. The operation of the drive starts 100 by setting 101 the time t to the 
current time recorded and/or displayed by the hour meter. The drive then determines 102 
whether the time t is less than the service time interval TR. If the time t is less than the service 
time interval TR, a first interval flag is set 104. If the time t is not less than the service time 
interval TR, a first interval flag is cleared 106. The first interval flag indicates that the present 

30 service time interval is the first service time interval of the hour meter. For example, if the first 



service time interval is eighty hours, the first interval flag is set until the hour meter indicates 
that more than eighty service hours have elapsed. The drive then determines 108 whether the 
time t is greater than the service time interval TR. If the time t is greater than the service time 
interval TR, the service time interval is recursively subtracted 110 from the time t, until the time 
5 t is not greater than the service time interval. As a result, the time t is reduced from the actual 
hours of service indicated by the hour meter to the time in a given service interval. 

The drive then determines 1 12 whether the time t is greater than a time THold. The time 
THold is the time the segments remain in the second optical state to provide a reminder that 
service is due after the service time interval elapses. If the time t is less than the time THold, the 

10 drive determines 1 14 whether the first interval flag is clear and determines 1 16 whether a 

reminder flag is set. The reminder flag determines whether a visual reminder will be provided 
for the period of time THold after the service time interval TR has elapsed. In the embodiment 
illustrated by the flow chart, the visual reminder comprises maintaining all the segments in the 
second optical state for the period of time TR. The visual reminder could also comprise flashing 

15 the segments for the period of time TR after the service interval has elapsed. Determining 

whether the first interval flag is clear prevents the visual reminder from appearing shortly after 
the meter is installed. If the first interval flag is clear and the reminder flag is set, all the 
segments are set 1 15 to the second optical state and the drive recursively restarts 100 the 
operation until the time t in the given service interval is greater than the period of time THold. 

20 Once the time t in the given service interval is greater than or equal to time THold, or the 

first interval flag is set or the reminder flag is not set, the drive individually sets 1 18 the optical 
state of each of the segments. In the exemplary embodiment, each of the n segment are set to the 
second optical state for a period of time in the service interval. For each of the n segments, this 
period of time starts at a predetermined time TnA in a service interval (the n* segment is set to 

25 the second optical state) and ends at a predetermined time TnB in the service interval (the n th 

segment is changed back to the first optical state). The drive determines 120 whether the time t 
is in the time interval Tl A to TIB when the first segment is to be in the second optical state. If 
the time t is not in the interval T1A to TIB, the first segment is set 122 to the first optical state. 
If the time t is in the interval Tl A to TIB, the first segment is set 124 to the second optical state. 

30 The drive determines 126 whether the time t is in the time interval T2A to T2B when the second 



segment is to be in the second optical state. If the time t is not in the interval T2A to T2B, the 
second segment is set 128 to the first optical state. If the time t is in the interval T2A to T2B, the 
second segment is set 130 to the second optical state. The optical state of the remainder of the n 
segments is set in this manner. After all of the n segments are set, the drive restarts 100 the 
5 operation. In one embodiment, the values of the times TnA, TnB are functions of the segment 
numbers n. For example, TnA could be defined as follows: 

TnA=(n-l)TA; where TA is the amount of time logged from when TnA turns to 

the second state to when Tn+1 A turns to the second state. For 
example, if TA= 10 hrs then T1A=0, T2A=10hrs, 

1 0 T3 A=20hrs. . .TnA= 1 0(n- 1 )hrs. 

As is noted above, the drive can maintain each segment in the second optical state while 
the remainder of the service time interval elapses and additional segments are changed to the 
second optical state to provide the visual appearance of a bar graph or a pie graph. This can be 
done by setting the time TnB each of the n segments change back to the first optical state to the 

15 service time interval TR, keeping each of the segments in the second optical state until the end of 
the service time interval. 

Alternatively, the drive can change a segment in the second optical state back to the first 
optical state when the next portion of the service time interval elapses and the next segment 
changes from the first optical state to the second optical state to provide the visual appearance of 

20 a sweeping hand of an analog clock or a needle of a gauge. This can be done by setting the time 
TnB each of the n segments change back to the first optical state to the time Tn+ 1A the next 
segment changes to the second optical state. For example, the time TIB the first segment 
changes back to the first optical state is set to the time T2A the second segment changes to the 
second optical state. The time T2B the second segment changes back to the first optical state is 

25 set to the time T3 A the third segment changes to the second optical state, and so on. In the 
illustrated embodiment, when the optical states of the segments are controlled to provide the 
visual appearance of a sweeping hand, all the segments may be set 1 15 the second optical state 
for a period of time THold to provide a visual reminder that service is due if the reminder flag is 
set. Figure 19 is a flow chart that illustrates operation of a drive for an hour meter includes a 

30 reset button. The operation of the drive starts 200 by determining 202 whether the meter is new 
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and/or newly installed. If the meter is new a time of last reset is set 204 to zero. The drive then 
determines 206 whether the reset button has been pressed. If the reset button has been pressed, 
the drive sets 208 the time of last reset to the current time. The drive then sets 210 the time t to 
the current time minus the time of last reset. The drive individually sets 212 the optical state of 
5 each of the segments. Each of the n segments are set based on the time t. For each of the n 

segments, the segments are set to the second optical state if the time t is within a period of time 
defined by the predetermined time TnA the n th segment is set to the second optical state and the 
predetermined time TnB the n th segment is changed back to the first optical state. The drive 
determines 214 whether the time t is in the time interval Tl A to TIB when the first segment is to 

10 be in the second optical state. If the time t is not in the interval Tl A to TIB, the first segment is 
set 216 to the first optical state. If the time t is in the interval T1A to TIB, the first segment is 
set 218 to the second optical state. The drive determines 220 whether the time t is in the time 
interval T2A to T2B when the second segment is to be in the second optical state. If the time t is 
not in the interval T2A to T2B, the second segment is set 222 to the first optical state. If the time 

15 t is in the interval T2A to T2B, the second segment is set 224 to the second optical state. The 

optical state of the remainder of the n segments is set in this manner. After all of the n segments 
are set, the drive restarts 200 the operation. 

As is noted above, the drive can maintain each segment in the second optical state while 
the remainder of the service time interval elapses and additional segments are changed to the 

20 second optical state to provide the visual appearance of a bar graph or a pie graph. Alternatively, 
the drive can change a segment in the second optical state back to the first optical state when the 
next portion of the service time interval elapses and the next segment changes from the first 
optical state to the second optical state to provide the visual appearance of a sweeping hand of an 
analog clock or a needle of a gauge. 

25 In one embodiment, the segments remain in the second optical state for a given period of 

time to provide a reminder to the user that service is due and then reset to the first optical state 
even though the reset button has not been pressed. In this embodiment, the drive may employ 
the algorithm illustrated by Figure 1 8 after the service time interval is elapsed. One modification 
to the algorithm illustrated by Figure 18 would be that the time t would not be set 101 to the 

30 current time. Rather, the time t from the algorithm illustrated by Figure 19 would be used in the 

11 



algorithm illustrated by Figure 18. The algorithm illustrated by Figure 18 would be employed 
until the time THold the reminder is provided lapses. The drive then reverts back to the 
algorithm illustrated by Figure 19. 

In one embodiment, illustrated by Figure 20, the display shows two sets 250,252 of 
5 segments. The first optical state of the first set 250 is dark and the second optical state is light. 
The first optical state of the second set 252 is light and the second optical state is dark. The first 
and second sets of segments provide the appearance of material in an upper half 254 of an hour 
glass emptying into a lower half 256. In the illustrated embodiment, each segment in the upper 
half is paired with a corresponding segment in the lower half. As time elapses each pair 258 of 

10 segments changes from the first optical state to the second optical state. As a result, the initially 
dark segments in the upper half appear to move into the lower half as time elapses. An indicator 
having all the segments in the upper half in the dark sate indicates that service is "full" or does 
not need to be performed. An indicator having all the segments in the lower half in the dark state 
indicates that service is "empty" or needs to be performed. 

1 5 Figures 2 1 A-2 1 D depict circuitry for activating a custom liquid crystal display 310 

(Figure 2 IB) that contains the liquid crystal display elements shown in Figures 1A-16B. 
Referring to Figure 2 IB, an exemplary custom liquid crystal display 310 has a plurality of 
discrete element inputs 312 and four back plane inputs 3 14. As is well known in the art, by 
activating the inputs 312 and backplane inputs 314 to apply a suitable voltage across the liquid 

20 crystal material contained within the display 3 10, a controlled combination of elements can be 
made to change state to achieve a desired display configuration. 

The display 310 is coupled to a model PIC 16C925-I/L (Commercially available from 
Microchip) display driver circuit 20 (See Figure 21 A). A five volt input 332 for powering the 
driver circuit 20 is created by a power supply circuit 340 (Figure 2 ID). The driver circuit 20 

25 contains or is in communication with non-volatile memory for instructions that provide an 

operating system that implements the control flowchart of Figures 18 and/or 19. A reset input 
334 is normally maintained in a low state by a ground connection through a resistor 336. A 
momentary switch 46 is closed to reset the timer for the incremental service reminder function 
maintained by the driver circuit. Closing the reset switch 46 causes the driver circuit 20 to reset 

30 the service interval segments 14 of the display. 
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The drive circuit 20 is coupled to a crystal oscillator 340 which oscillates at a frequency 
of 8 Megahertz and allows the drive circuit 20 to maintain accurate timing for accurate display 
actuation. The operating system instructions count signal oscillations from the crystal oscillator 
340 and convert input pulses at inputs coupled across the oscillator 340 to seconds, minutes, 
hours etc. 

The display driver circuit 20 receives a five volt power signal from the power supply 340 
of Figure 2 ID. This power supply 340 includes voltage regulator 342 which steps down a 
battery signal appearing across two inputs 344, 346. The battery inputs are coupled across a 
capacitor 348 that filters extraneous noise signals from the inputs of the voltage regulator 342. A 
diode 350 protects the circuit from damage in the event of a reverse connection of the battery 
across the power supply. 

So long as voltage from the power supply 340 is applied to the display drive circuit 20 
the operating system counts pulses and maintains an accurate indication of elapsed time. When 
power is removed from the drive circuit, the drive circuit stores the then current time in a non- 
volatile memory (EEROM) circuit 360 coupled to the drive circuit. When power is next applied, 
the drive circuit retrieves the stored time value from the circuit 360, begins counting oscillator 
signals and adds to the then current time that was retrieved from the circuit 360. 

The display drive circuit 20 is coupled to a resistor network 370. Discrete resistors in the 
network 370 are empirically determined to best activate or energize the liquid crystal materials 
of the custom display circuit with an appropriate drive signal for achieving good contrast 
between on and off states of the liquid crystal material. 

While the present invention has been described with a degree of particularity, it is the 
intent that the invention include all modifications and alterations from the disclosed 
embodiments falling within the spirit or scope of the appended claims. 
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